
That an inverted order ia present is again supported by the types 
of crossover chromatlds that could sppear if type (1) organization were 

present but would not appear if tns (2) organization had been presrmt 

In p3.ant 4306 or in plante 46QRD-10 anb D-11 (table 8). Figure 2 

illustrates the types of crossover chromtid that cmld be anticipated 

from :yenic orders (1) tend (2) above. ?Tornologous syn:;,sls of the noma 
chromsoxm 9 with the distal asgmcnt would girs phanotynloally siml.lar 

urossover chromtids in the two CWWW, 
4 Homologous a,ynapsis of the 

normal chronosorm 9 with the proximl segment, if or&r (1) were 

preBent, would give rise to crosmver ohromtids havfni; the constbtu- 

“iLQli@ shown in 3 of flgtxre 2, The crossover c:.somatAds that should 
arias fro,ra this association have not appeared. 1% order (2 ) were 
correct, such ~zxmsomr chronrstl.ds would not apoaar, Prom thfs 
neG:atlve evidence, order (2) ihs agafn indicated, 

It Is gotdble, now, to reconstruct the events th::tt r~a~e rdrse to 
this Duplication chrammmm 9 with a transposed 3s locus. Three 

assumptions; regarding these events am requIreA, (1) ;L De mutatbon 
ocaurred st ite uaua& tim --late in {PIP development of the tsporophytic 
tissues-in a cell of plant 41086~1, Ths chmxmsome in which this 13s 

mutation occumed was normal 2n morphology md carrfed I 3h Bsr; Jx and 11s 

in ite standard location, The Da rtnttition remlted in OeHkaQ;o of the 
two sister chromtids at the poeftion of the T)s locus in each chromtitd, 

Evidence that a Da mutation brings about breaks in sister chromtids at 

the locus of L3s is weI1 established, This alrPsumption its theresfore 
legitimate. (2) The Da mutation not only caused breaks to ocoilr at the 
position of the Ds loous but resulted in the release of a mbmicrolscopio 

chramatin ssgmsnt that aarrfea a 3s locus. This released segment 
carrying Ds has unsaturated broken ends* St could be lost from the 
chromosome compfemsnt If fusion s4.U-1 some other broken ends did not 



ooaur* Loss of the! Ds loous as a consetq.uence of Da mutations has been 

ooneidcred Zn batzsil elmhere (see report on c-stl mutations, Jctnuary, 

19491, The mm~~er of this lolss my 3~ m.agg%ated fron oe~es mob 88 the 

one being desoribf:d, E4 XL the tmm time that the events described 

in (It) and (2) occurrtad, a spmtnncous ci3ro~o13cpg3 break ocaurred, $uet to 

the right of the 1 Zoouer in this c;mmo~o~~e. 80th sister ohromtidcs 

were i,jroken at the mme locus. ?;;videnoe for frequent qontaneoua 

brcake; in mize is 2ood (MaGlintock, unpublished). This uaerumption, 
tharefore, Is legitimately taken. 'i'ilSS% three events would :;:i~e a 

mules of broken CSA~D a8 shown in A) figure 3, T.&on of broken 

enda could readily oucur to give ri.se to the configuration shown 

in 8, f9gure 3" The rceruZtlng chromtids are diagrramr~ed in C, fiwre 

3. .c. Dudimtion chromsome 9, with aa invorted ordr;r of gene@ in the 

proxbal duplicated aegmnt and Yzv;n.g a transpow?d 9s locus just 

to the right of the I locuol is nova fcwmt?d. 

On the Sasls of the depioted xode of' origin of the Duplication 

chmmsome 9, it zust be asmmd %;:::A the two 3s loof are daughter 

na loci derived from rcduplloation of a Lzother '?o locus, ml% i-iuta* 

tima behavior of the two YIs loci in thin c3romo,olome are not dike, 

Yore dt?entric chr:,miltid-far~~ip;;: :*.uto-times occur at De a than at -. 
Dar2. The StatEits of t&e two BB Zclci definitely differ from one 

anot har , 'This is particularly t.p-zaront w&m these two 1004, are 

aennratod by crossing over aad the crossover chromatitds isolated, 

Then, tha -!utatlonal behavior OF ~3~1 my be directly conpued with that 

af 3s'?, Eith%r u change in state occurred in one or both 0% the Ds 
loci during or,e of the events that pve rim to the duplioution and 

tt;s trsnsgosftion; QI: Y change in state in one or both i3s loci took 

place mhaecpent to this event, There Is no evfdcnce ior any naeition 

effect asaoaiated with the altered grtnic associations of t!m t,o De loci. 



figure 3 
A. 

PoSitiOn Of chrO?mSOme break8 

Fusion of broken end8 



Figure 3 c. 

Resulting chroaatids 



Chanprs~ in state of them two separated Da loci are occupying indepen- 

dently of their positions &a ~1 few of tke vmiegfnted kernels kve 

ah own . 

:ig~ain, it should be emphmizsd that the tmnspoaition of the Ds 

locus has not introuuceu Emy viaibfe alteration in the appearancrs 0r tha 

chromoaoine in the region of the trnna~ositfon, E'sbLher ha& its 
insertion uffectsd the crossing over in the I to sh re.eian. To 

refresh this wideme, a summary of this txxh3si~ over Zn the crosses 
of qlmts in sub-cuftuses 4628 3, G @nd Ti me &ven in table 20, 
"hasa observed crossover percentazca are si&3~1ir to those observed when 

no T)s locus Is nreaent, The imcsteU seL~nt carrying; Ds mu,st 6s very 
ninute--obviously submI.croacoTfc in 61%;. 

The rsnalysia of this case of transnosftion of 3s baa lndfca%ad the 

method for shalecting fboss ~aI~?;lvely rare karmls with newly arising 

trkin3pOSed Ds LOCI, In the crosses of I Sh 9z l'ix Da-standard to 
C eh bz wx ds ao plimts, the kernels with aberrant var4cgation of quite 

specific ty?ea my bea ael%ol,sd, 3% is psssibl.e, by tM.s msSt~od, to 
detect those chronoeiomeeji having 3s inserted ts the left of' I, 

between I. and Bz an8 b&mean 9z snd jiix. d number of such kernels h&vet 

br>en selected and an analysis of the tramposltion of thr Ds locus is 
being conducted. Evidence from tkesa other c88ea shouM be well 
adwmc(':d by the t3.m the Rreerlimwe crop is colle&ed and certelinly by 

the time the summer crop Ia hrvested, 



Table 20 

Suramary of croesfng cmm between I and Sh in plants 402&F-l, 4628011, 
Q-2 and G-3, and plant 4628H-1 

Table refarenoa 

Tabltb 9, 4628B-1 504 28 4.9 

Teb3.e 11-a. 4628b 1461 85 5.5 

Table 11-b, 4628b 1243 49 3.6) 

Table 12, 462tSi-1 525 19 3.6 

Totals 3783 181 4.7 



Transposition of the Ds locus, April, 1949. 

In the previous account the Case I transposition of the Ds locus, 

Llpri1,1949. the origin and behavior of this case of transposition was 

analysed in considerable detail. Continued examination of this case 

hss resulted in cor:firm:-ttion of the conclusions given in the earlier 

report. In this supplement, the confirmatory evidence will be given 

in the form of appendices. The table numbering will follow sequentially 

from the previous re,;ort. 

Appendix 1 

In the cross given in table 7-c, an AC ac, C sh bz wx ds female 

plant was crossed by plant 4628C-9. This latter plant was homozygous 

for the duplic:ition chromosome 9. Both chromosomes carried 

I Dsl 2 Sh Bz Wx Wx Rz Sh Ds . The plant had one AC locus, k number of 

kernels appeared on the e-tr that showed only a few specks of C color 

(column 1, table 7-c). It could be anticipated that these kelnels had 

3 AC loci in their endosperm cells, two contributed by the female parent 

and one by the male parent. If the AC loci in both plants were loctted 

in allelic positions, the plants arising from these kc:rnels should be 

AC kc. Some of these lightly speckled k::rnels were selected from 

the cross of 4462Ci11 x 4628C-9 (Table 7-C) and plants grown from 

them in the summer of 1949 under culture number 4876A. these plants 

were crossed to: (1) C sh bz wx, ds ac plants (Tables 21-a and 21-b), 

(2) by C sh bz wx, ds ac plants (Table 22), and (3) to c sh Bz wx, 

ds ac plants (table 21-c). 

In cross (1) above, the types of male gametes, with respect to 

chromosome 9 morphology and genie constitution, should be the same as L 

those given in the supplement to Table 8. It was hoped, however, 

that two allelic AC loci would be present in the tested plants so that 
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a more direct analysis of the chromosome and genie constitutions of 

the resulting progeny would be available. The four tested plants 

in Table 21-a had two AC loci. Unfortunately, however, these two loci 

did not occupy allelic positions, as the results given in this table 

indicate. The classes of kernels and their frequencies are those 

expected if these four tested plants had two non-linked, non-allelic 

AC loci. This is shown in the supplement to Table 21-a. It must 

be concluded, therefore, that the AC locus in the two parent plants 

occuppied different positions in the chromosomal complement. In 

all other respects, however, the results are the same as those 

given by plants having the same chromosome and genie organizations 

that were tested in the previous season, Table 8. Therefore, no 

further description or analysis is required. 

In one plant of culture 4876A, the AC constitution of the 

main stalk and the tiller differed. This is shown by the 

frequencies of kernel types obtained when pollen from the main 

stalk and pollen from the tiller were used in crosses to C sh bz wx, 

ds ac plants, Table 21-b. The ratios of kernel types obtained 

when pollen of the main st:tlk w,~:s used indic.?te that only otiAc 

locus was present. The pollen from the tiller gave ratios of 

kernel tyi,es that indicate the presence of two non-linked, non- 

allelic AC loci. It cannot be decided from these tests whether or 

not the tiller gained an AC locus or whekher or not the main stalk 

lost an Ac locus. Either event could account for the observed 

difference in the two parts of the plant. 

Two of the plants entered in Table 21-a were crossed to 

c sh Bz wx, ds ac plants. The t;r;jes of kernels appearing on the 

resulting ears are given in Table 21-d, As the supplement to 

Table 21-c indicates, the types of kernels and the ratios 
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observed are those expected from the stated constitution of these 

plants. 

In Table 7-c, one aberrant kernel was recorded. This kernel 

had the phenotype C Sh Bz Wx and was non-variegated. Such a kernel 

was not expected to appear following the cross given in Table 7-c. 

A plant was grown from this kernel. It was crossed to a c sh Bz wx, 

ds ac plant. There were 345 kernels on the resulting ear. 51 were 

C Sh Wx, non-variegated; 2 were C sh Wx, non-variegated and 292 were 

C sh wx, non-variegated. :Jhen the plant was crossed to a C sh be wx, 

ds ac plant, the resulting ear showed 27 C Sh Bz Wx non-v-iriegnted 

kernels, 23 C Bz + C bz, Sh, WXVWX (bz areas wx) kernels, 2 C sh bz Wx 

non-v:riegat,ed kernels and 116 C sh bz wx kernels. The plant was 

likewise self-pollin.ited. The resulting ear showed 229 C Sh Bz Wx 

(a number were variegated) one C sh bz Wx and 156 C sh bz wx kernels. 

If the tested plant had the constitution Duplication C sh bz Wx Wx 

Bz Sh Ds/C sh bz wx, ac ac, just such ratios following the given 

cross would be obtained (see Tables 15-b, 15-c and Tables 

It is suspected that contamination was responsible for the appe?r:nce 

of the aberrant kernel in Table 7-c,or that the pollen grain that 

gave rise to t+lis kernel had a deficiency in the distal segment that 

indlud$dG the I.Ds, Sh,and Bz loci. Only further tests could 

distinguish between these two possibilities. 

In the April 1949 report, no evidence was presented for the 

transmission of the duplication chromoso;Ae through the egg parent. 

Plptnts heterozygous for a normal and a duplication chromosome 9 

give reduced transmission frequencies of the dulication chromosome 

through the pollen. The ratios of ti C Sh Bz Wx kernels to -&3ae 

C sh bz 'dx and C sh bz wx kernels in the crosses of C sh bz wx by 
@~ 

Duplic:ition C sh bz Wx Vix Bz Sh Ds/normal chromosome gA C sh bz wx 
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indicate the transmission frequencies through the pollen of the 

dupication chromosome 9. Compilation of the data from Tables 

Duplication chromosomes 9 to 

give a ratio of 

normal chromosomes 9. Such a 

reduction in transmission of the duplicated chromosome is likewise 

evident when plants of the constitution I Ds 1 Sh Bz dx V/X Bz Sh Ds2,' 

C sh bz wx are crossed to C sh bz wx. Because tpe crossing-over 

between the aistal lZrx locus ?nd the proximal segment is low, the 
the 

frequency of the Wx to,wx class gives the approximate frequencies 

of transmission of the duplication and the normal chromosome. The 

combined data from Tables 8, 21-a, 21-b and 21-c show 1694 Wx to 

3331 wx kernels. In the reciprocal cross, no such reduction in 

tr,insmission of the duplication chromosome is expeeted. Pour of 

the plants entered in Table 21 were crossed reciprocally. The 

results of these reciprocal crosses are given in Table 22. 

Because of the presence of 4 AC loci in the endosperms of many 

of the kernels, it was not possible to make an accurate classification 

for the presence or absence of AC in all the kernels. In the table 

a significant reduction in the Wx class is evident. This is 

probably not related to a reduction in tr*tnsmission of the dupl.ic:.ltion 

chromosome. Rather, it is related to Ds mutntiofls occurring 

before meiosis that produced non-female transmissible deficiencies, 

Data given in Tables 21 and 22 show that crossing-over 

between the normal chromosome and the distal duplicated segment in the 

Duplic,*tion chromosome 9 is relatively little affected by the 

presence of the duplication. This would sugi;est that synapsis is 

not seriously disturbed by the presence of the dur>lication; otherwise, 

a considerable reduction in crossimg-over between I and Wx would be 

evident. 
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Appendix 2 

In the summer of 1948, pl:-int 4628K-1 (Tables 14-a and 14-b) 

having the constitution Dup. C sh bz Wx Wx Bz Sh Ds/C sh bz wx, 

AC/AC ) was crossed by plant 4628L1 (Tables 16-a and 16-b) with 

the constitution Dup. C Sh Bz Wx tix Bz Sh Ds/C sh bz wx, AC AC. 

lt was hoped that some of the plants arising from the C Sh Bz Wx 

class of kernels on the resulting ear would be homozygous for the 

duplication and for AC. The ear was small and only a few kernels 

of the desired type were available for testing. Six of these kernels 

were planted in the summer of 1949 under culture number 48q8 but only 

4 ob therm germinated. The constitution of three of these plants 

were exactly like the female parent plant (4628K-1, Table 14) as 

the results of reciprocal crosses with C sh bz wx, ds ac plants heave 

shown, Tables 23, 24, and 250 

One of the plants in culture 4898 (4898-2) had the constitution 

Dup. C sh bz Wx Wx Bz Sh Ds/C Sh bz wx, AC AC. The duplication 

chromosome must have been contributed by the female parent plant 

whereas the normal chromosome with C Sh bz wx arose from a crossover 

in region 1 of the male parent plant (see supplement to fable 16-a). 

Reciprocal crosses of this plant with C sh bz wx, ds ac plants are 

given in Tables 26-a and 26-b. The cross of this plant to a 

c sh Bz wx, ds ac plant gave the kernel types listed in Table 26-c. 

Crosskng-over between Sh and Wx in this plant was very high in the 

microsporocytes but a much lower frequency of recovered crossover 

chromatids ca3rne from the megasporocytes. Such high rates of crossing 

over in this segment of chromosome 9 have been encountered when two 

normal chromosomes have been present. A reduced amount of 

crossing-over in the megasgorocytes as compared with the microsporocytes 

has likewise been observed in numerous tests. 
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Appendix 3. 

In the crosses of C sh bz wx, ds ac plants by lit ac plants 

having the Duplic;-ition chromosome 9 with I Dsl Sh Bz Wx Wx Bz Sh Ds2 

and a normal chromosome 9 with C sh bz wx, a number of dkstinctive 

kernel types appeared (Table 8). The projected constitutions of 

those kernels are given in the supplement to Table 8. In order to 

determine whether the projected constitutions were correct, some of 

the kernels from the cross-over classes were selected from two of 

the crosses, 4462C-8 x 4628D-11, and 4363-17 x 4628D-11 (Table 8) and 

grown in the summer of 194-g under culture numbers 4877 and 4878, 

respectively. Two plants arising ~~&~xxnr~I&~s~x~~rn~~x~ from the 

I+C BzqC bz, Sh+sh, wx kernels (4877A), four plants arising from the 

C Bz+C bz, Sh+sh, Wx+wx kernels (4877C) and the plants arising from 

two C Sh bz wx kernels (48773) in cross 4462C-8 x 4628D-11 were 

tested for their chromosome 9 constitutions. In the cross 

4363-17 x 4698 D-11 (Table 8), four plants arising from the C Bz-C bz, 

Sh-sh, Wx-wx kernels (4878D)were tested for their chromosome 9 

constitutions. 

Table 29 gives the ratios of kernel types obtained when the two 

plints arising from the I BzaC Bz$ bz, Sh+sh, wx kernels were crossed 

by C sh bz wx, ds ac plants. The results are those anticipated from tl 

given constitions shown in the heading to this Table. The plants 

arising from the C Bz-C bz, Sh-sh, Wx-wx kernels should all have the 
of 

Duplication chromosome 9 but the genie constitution could be,several 

types, as the supplement to Table 8 and Figure 2 illustrate. 

Crossing over in regions 1 to 5 wo.%ld give the following genie 

constitutions in the duplication chromosome: 
Region 1: Dup. C Ds' Sh Bz Wx r\lx Bz Sh Ds2 

Region 2: Dup. c CJh Bz Wx Wx Bz Sh Ds2 

ie 
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Region 3: Dup. C sh $z Wx 'Wx Bz Sh Ds 2 

Region 4: Dup. C sh bz tix jlix Bz Sh DsZ 

Region 5: Dup. C sh bz wx Wx Bz Sh Ds2 

Because crossing-over in region 4 is the highest, the ma,jority 

of the C Bz-C bz, Sh-sh, Nx-wx kernels in the cross shown in Table 8 

should give plants with the constitution: Dup. C sh bz 'Wx Ihlx Bz Sh Ds/ 

C sh bz wx, AC ac. Of the 8 tested plants arising from such kornels, 

were definitely Dup. C sh bz wx Wx Bz I-jh Ds/C sh bz wx, AC 'ac 

(Table 27, a and b), were dup. C sh bz idx(or wx)Wx Bz Sh Ds/ 

C sh bz wx, AC ac (Table 27-d). The tests of the latter plants were 

inadequate for determinbing the presence or absence of the distal 

wx locus. One plant, 4878D-1, had the constitution "up. C sh Bz i/x 

Wx Bz Sh Ds/ n ,rmal chr. 9 C sh bz wx, AC ac, :-is the resuY.ts of the 

cross of this plant by a C sh bz wx, ds ac pl:int indicate (Table 28). 

The constitution of the duplication chromosome in this pi:int resulted 

from a crossover in region 3 of the n:ireu:t plant. 

In cross 4462C-8 x 4628D-11, Table 8, the 2 C Sh Bz wx kernels 

could be expected to a;:pear following a double crossover in regions 

2 and 4 in the male par*ent. A normal. chromatid carrying C Sh Bz wx 

wo.ld result from such a double crossover. lhe plants :lrisi:,g from 

these two C sh bz wx kernels were crossed by C sh bz wx, ds, JLC ac 

male pl,ints. The results of this cross, Table 30, indicate tne 

presence of two normal chromosomes 9 in each plant. No evidence of 

a Ds locus in the C Sh Bz wx chromosome appeared in either case. 
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Appendix 4. 

Table 14 gives the types of kernels a;;pearing when a Duplication 

C sh bz Wx Wx Bz Sh Ds/ Normal C sh bz wx, AC AC plant was crossed to 

a C sh bz wx, ds ac plant. \Vith regard to genie constitutions of 

chromosomes 9, four types of gametes could be expected to be 

produced by the male parent. These are: 

Non-crossover chrornatids 
(1) Dup. C sh bz Wx Wx Bz Sh Ds 

(2) Normal C sh bz wx 

Crossover Chromatids 

(9 Dup. C sh bz wx Wx Bz Sh Ds 

(4) Normal C sh bz Wx 

The genie constitution of the chromosor;es 9 of seven plants arising 

from the C Bz-C bz, Sh-sh, Wx-wx k(?rnels of Table 14-a were tested. 

96 to 98 percent of the plants arising from these kernels should have 

the constitution Dup. C Sh bz Wx Wx Bz Sh Ds/Normal C sh bz wx, AC ac. 

All seven tested plants had this constitution. Six plants were 
seven 

crossed by C sh bz wx, ds ac plants, Tables 31-a. All ';' plants 

were crossed to C sh bz wx, ds ac plents, Table 31-b9 One plant 

was crossed to a c sh Bz wx, ds ac female plant, Table 31-c. 

Two kernels in Table 14-a were classified as possible C Sh bz wx 

kernels. Such phenotypes were not expected in t!lis cross. To 

determine if Sh ~8s~~ actually present, plants were grown from these 

two kernels and self-pollinated. The self-pollinated ears showed only 

C sh bz wx kernels. The Sh classification in Table 14-a is therefore 

ernoneous, as anticipated. These two kernels should be moveh to the 

last column in Table 14-a. 
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Appendix 5. 

In Table 16-b, which gives the types of kernels apiJe2ir?ng from 

the crosses of c sh Bz wx, ds ac female plants by a Dup. C Sh Bz Y/X 

Wx Bz Sh Ds, AC AC pla 
~~Ceordnoa w /6b\& Sh-t 

t, 
2% 

a single aberr:int kernel was observed. 
ML4 6, -r&j w'pg")"iml 

This kernel was sown in the summer of 1949 and the pl:int arising from 

the kernel was crossed to a C sh bz wx, ds ac plant and a c sh Bz wx, 

ds ac plant. The ty;es of kernels appearing on the two resulting ears 

i:.dicritc:d that this plant had the constitution I Sh Bz wx Ds-Ac/ 

c sh Bz wx-ds ac. This constitution could not have been produced by 

plant 4628L-1. The aberrant kernel in Table 16-b, therefore, 

represents a pollen contamination and should be removed from this table. 

Appendix 6, 

In the crosses of C sh bz wx, ds ac plants by Dup. C sh bz l\ix 

Wx Bz Sh Ds/Normal C sh bz wx plants, Tables 14-a, 15-a and 15-c, 

a few C sh bz ,Y~X kernels appeared. These were interpreted to arise 

from crossovers as indicated in the supplements to these tables. 

They should have two normal chromosomes 9. Plants from seven such 

kernels were examined cytologic,illy and all seven showed two 

morphologically normal chromoso;:les go Two of the plants were self- 

pollinated, Table 32-a, and two were crossed by C sh bz wx plants, 

Table 32-b, and one was crossed to C sh bz wx, Table 32-c. The 

expected rntios for Wx and wx were obtained. 

A ppendix 7. 

In the cross of a c sh Bz wx, ds ac female plant by pl,tnt 

4628L-2 which had the constitution Dup. C sh bz V/x Wx Bz Sh &/normal 

C sh bz wx, kc ac, an aberrant kernel appeared. This cross is not 

given in the April 1949 report but is similar to that recorded in 

Table 17-b. This exceptional kernel was colorless and showed 

Sh-sh, Wx-wx vsiriegstion. A &,nt was grown from this kernel and 
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crossed to a C sh bz wx, ds ac plant, Table 33-a, and by a C sh bz wx, 

ds ac plant, Table 33-b. These tests showed that the p1;in-t carried a 

Duplication chromosome 9 with C sh bz \fx Wx Bz Yh Ds. The phenoty:>ic 

appearan:e of the kernel from which this plant arose may h:lve been 

produced following an e:lrly spontaneous break that deleted the C locus ,.\I 

and initiated the breakage-fusion-bridge cycle that produced the 
.< 
bW 

Sh-sh, WX-wx V*triegatiOn. 

kppendix 8. \ 
i* 

In order to obt,iin~plnnts h :ving a chro~~~osome 9 with I Ds Sh Bz vix,; 

ic a$, 
I,:- i , ? - 2:j / j(>+, 

.I I Bz$ Bz+ bz, Sh Wx kernels we-"e selected from the ear of -a 
,r, 9.k \ 

C Sh bz Wx/c sh bz Wx, ac ac female plant by plant 4628G-2 that was 

I Ds Sh Bz wx/C sh bz wx, AC ac. Two plants arising from such 

kernels were crossed to C sh bz wx, ds ac female plants, Table 31-C, 

The supplement to Table 34 indicates the t;,rpes of kernels that should 

appear following crossing-over. Crossing-over in region 3 gave the 

desired constitution: I Ds Sh Bz dx. In these kernels, the C Bz 

areas were v:riegated for C bz and the majority of these latter areas 

were dx-wx v:Iriegated. This is the expected variegation pattern 

that should be produced from dicentric formation$s at the Ds locus, 

immediately to the right of the I locus, which initiates breakage- 

fusion-bridge cycles. 

In these crosses, there were 6 C Bz-C bz, Sh-sh, wx kernels. 

Such phenot*:rpes could arise from crossovers in region 1. It is 

possible, however, to obtain such phenot;;pes from I Ds Sh Bz wx 

chromatids if a Ds event or events occurs early enough to eliminate 

the I locus from all of the aleurone cells. This occurs in R small 

fraction of kernels when Ds mutations take place e:lrly in developm-,nt. 

Plants arisi:,g from all 6 kernels would need to be tested to determine 
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whether or not arossing-over in region 1 or early loss of I following 

Ds mutations were responsible for the appearance of the C Bz-i: bz, 

Sh-sh, wx phenotype. 

Appendix 9. 

The position of Ds in this c,:se of transposition is definitely 

between I and Sh. That it is close to the I locus has been apparent 

from vtrious crosses previously described. Calculations of the 

crossing-over between I and Ds (see p‘lge 16) gave a percentage of 

0.74. This value was derived from the frequency of the C Bz-C bz 

kernels in the crosses of C sh bz wx, ds ac female x I Ds Sh Bz wx/ 

C sh bz wx, AC ac male (Table 11-a). 

Tests for the presence of Ds in the C Bz chromosome of plants 

arising from C Bz- C bz kernels of tables lla and 12-b, and the 

C-c k<arnels of table 11-b and 13-c, were conducted by growing plants 

from these kernels and testing for the presence of Ds. Twelve 
variegated 

kernels were selected from,kernels, some from the crosses entered in 

Tables 11-a, 12-b and 13-c, and some from crosses not recorded in the 

April 1949 report. Two kernels that were doubtful varieg:ites were 

likewise selected and the plants grown from them tested for Ds. 

The various selections are given in the accompanying scheme, Scheme 1. 

(Insert Scheme 1, page 43) 

information concerning the ori&-n of the selected kernels, the 

nature of the variegation, the projected constitution of the derived 

plant, rind the culture number of the plant may be seen from the 

arrangement in this scheme. The first 10 k-,rnels in the shheme 

were certain varieg?tes. Nine germinated to give plants .tnd all nine 

plants were tested for Ds. ihe last two kernels in the scheme were 

uncertain variegates. The kernel that gave rise to plant 4885 h<id 



Scheme 1 
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I 

Cross Tabie 
Reference 

'; Phenotype of selected kernel 
f 

j 
Projected constitution of plant 

trising from kernel 
I 1949 Culture Numbar 

C sh bz wx, ds ac ? x I Ds Sh Bz wx iic 9c 
C ds sh bz wx 6: 

4363-14 x 4628G-2 
4462C-\a x 4628G-3 Not 

11-a 1 C Bz-C bz, Sh-sh, wx 
in April C Ds Sh Bz wx 4884 

1949 report 1 II 11 II C ds sh bz wx 4887B 

C sh bz wx Q x 
c Sh bz 'iVx I Ds Sh Bz wx ;Lc ac fi 

'2 ds sh bz wx II c Bz-C bz, Sh-sh, Wx C Ds Sh Bz wx 
C ds sh bz Wx 

4358A-2 x 4628G-2 C-c Sh Wx C Ds dh Bz wx 
c ds Sh bz Wx 4883C 

Norm0 C sh bz wx 
Re. c Sh Bz wx 9- x c 

I Ds Sh Bz wx Ac 
ds sh bz wx 

zc 

6 
4365-3 X 4628H-1 12-b 

C Bz-C bz, Sh-sh, wx 

c-c, Sh, wx 

C Ds ah'Bz wx 
C ds sh bz wx 

Norm. C Ds Sh Bz WX 
He. c ds Sh Bz wx 

489OC-1, 489Oc-2 

489OD-1, 489OD-2 

c sh Bz wx, ds ac$ x 

4347-22 x 4628G-2 
11-b C Ds Sh Bz wx 

c-c, Sh-sh, wx c ds sh Bz wx 4886 (no germillation) 

Re, c sh Bz Wxds 
N0rm.C S& Bz wx Ik 9x c 

I Ds sh bz wx kc L~c 67 
ds sh bz wx r 13-c 

4380.11-8 x 46281-2 

Re.cshBzWx Q x I Ds Sh BZ wx iiC 3C 11-b 
C ds sh bz wx 8 c-c, Sh-sh, Wx Norm, C Ds Sh Bz wx 

4353-Z x 4628G-1 
Re. c ds sh BZ VX 

C sh bz wx, ds ac ? x I Ds Sh Bz wx Ac ac 2 I 
11-a I One area only of Presence --of Ds in 

C ds sh bz wx I C Bz-C bz, Sh-sh; c Sh Bz wx chromosome 4885 
4684-3 x 4628G-3 wx uncertain / _- 

Possible C-c kernel 
but not certain 

Eresence of Ds in 
C sh bz wx chromosome 

uncertain. 
4891 

- 
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only an area of C Bz - C bz variegation. Tests for Ds were negative. 

The variegated area in the kernel from wGch this plant arose may have 

come from a spontaneous breakage in the chro::!osome 9 carrying 

C Sh Bz wx loci in one cell mid-way in development of the kerrlel, 

The kernel that gave rise to plant 4891 was not certaiz:ly variegated. 

A few specks that could h:lve been interpreted to be c in phenotype 

appeared in this kernel. These c specks were suspected to be the 

result of poor color development. It was thought wise to test for 

Ds in the plant arising from this kernel. No Ds W:_LS present in 

plant 4891. 

The nine plants arising from the ten certain variegated kernels 

were tested by crossing to (1) C sh bz wx, ds ac, (2) c sh Bz wx, ds ac, 

and to (3) Rearrrznged chromosome 9 c sh ltix, ds ac female plants, 

Tables 35 to 41. 

The types of kernels appearing on the ears when plants 4883B 

and C were crossed to C sh bz wx, ds ac plants are given in Table 35. 
;- r ;c- ,iz "* 

The presence of Ds to the left of Bz is indic,-i-ted in the supplement n 
to T.ible 35. The variegated kernels may be used to obtain the crossover 

frequencies between Ds and Bz. This gives a frequency of 5.8 percent 

which is the amount exj;iected if Ds were immediately to the right of the 

c locus. Yl-int 4883B was crossed to c sh Bz wx, ds ac female pl:ints 
:- '." f c, 

giving the kernel types shown in Table 36. A high percent of 

crossing-over between Ds and wx is to be expected, giving a chromosome 

with C Ds Sh Wx. When AC is present, such a chromosome will give 

C-c variegation in the indicated cross. The c areas should be VJX-wx 

variegated because of the formation of dicsntric chromcrtids just to 

the right of the C locus. The presence of Wx-wx variegation was 

evident in all of the C-c kernels that carried Wx. ' .y . ,_ -, The presence of 
. . / >. 3 : -.',* 

Ds to the right-of the C locus was indicated by the absence of 
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twin areas with deep color in one area and colorless in its twin area. 

Plant 4883C when crossed as a pollen pcirent to c sh Bz wx, ds ac 

pl:tnts, gave the kernel phenotypes entered in Table 37. Crossing-over 

between Ds and wx, based on the C-c kernels, was 29.4 percent. 

The data entered in Tables 35, 36, and 37 are consistent in placing 

the Ds locus immediately to the right of the C locus. It may be 

coLlcluded, therefore, that the kernel giving rise to plant 4883B 

:ind pl,ant 4883C IIP~BXIHL received a chromosome 9 that was derived from a 

crossover between I and Ds that had occu-rred in the I Ds/C ds pollen 

parent pl:int (Table 11-a), 

The projected cor!stitution of plants 4884, 4887B, 489OC-1 and 

48906-2 was C Ds ;ih Bz wx/C sh bz wx, AC ac. These plaints were 

crossed to plants that were c sh BZ wx, ds ac in constitution. 

Plants 4884B, 4887B, and 489OC-1 had the expected genie constitution 

as shown in Table 38. Plant 489OC-2, however, had the constitution 

I Sh Bz wx/C sh bz wx. No Ds locus was evident. Heterofertilization 

could account for the discrepancy in kernel and plant phenotypes but 

the absence of Ds events in the I Sh chromosome of the ,,lant arising from 

this kernel suggests that a Ds event occurred in the division of the 

sperm that eliminated Ds from one chromatid (sperm f,ising with egg) and 

initiated the breakage-fusion-bridge cycle in the sister chromatid 

(sperm entering the endosperm nucleus). The data from the three 

plants, entered in Table 38, allow the position of Ds in these plants 

to be calculated. Only the variegated kernels may be used to 

calculcite the crosstixer percentage between Ds and Sh. The value 

is 4.5 percent, This is the value expected if Ds is very close to 

the C locus. It is concluded th.at these three plants received a 

chromosome 9 derived from a crossover between I and Ds th:%t placed 

Ds close to the c locus. 
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Plants 4890D-1 and D-2 were given the constitutions projected 

in Scheme 1 (p.-ige 43): Normal chromosome 9 with C Ds Sh Bz wx/ 

Rearranged chromosome 9 with c sh BZ WX, AC ace The projection for 
* &)I 

plant 4882 was normal chromosome 9~'~ Ds "h Bz wx/rearr:lnged chronosune 9 

with c Sh Bz wx, Ad ac. If each of these three plztnts were crossed 

to plants homozygous for c and sh and had no AC, C to c variegated 

kernels should appear ZUXJEM~$J.&EX~E~XKE~~ on the resulting ears, 

Because of the presence of the rearranged chromosome 9 in these 

three plants, the position of Ds in the homologous normal chromosome 9 

could not be determined by crossover techniques. The presence of 

a Ds locus in half of the C carrying kernels (those that have AC) 

is evident, however, in the crosses of these plants to plants 

that were homozygous c sh Wx, ds ac, Table 39. Ylants 4882 and 
each 

4890D-1 were,crosged to a plant homozggous for c sh wx, ds ac. 

The results of this test are those expecte, Tables 40 and 41, 

None of the data in Tables 35 to 41 gives evidence that allows 

a determination of the closeness of the Ds locus to the C locus, 

Tables 9, lw, 11-b, and 12-a, however, do show that this transosed 6'. / 
Ds is loc:2ted very close:,'toLthe".I- locus. From these tables, the 

estim:ited crossing-over between I and Ds is approximately O.!jO 
'1 !I*.. J.8 

the data in Table 34 project - of approximately 2 percent. 

This value is much higher than the calculated values from the data in 

any one of the other mentioned tables. However, several of the 

six kernels showing a d Bz -f C bz phenotype cprojected crossovers) 
.+%a: .:l(;r *..I j,&ro~rt,-.y~:~ ml&g &y. { [h&b- x&r 

in Table 34 ow Ihe I locusqas the consequence of a,Ds A 
event that removed the I locus from one or both sperm nuclei., 

*t will be necessary to test the constitutions of the chromosomes 9 
each of 

in plants ftrising from,these kernels in order to determine the 

reason for th&deC phenotypic expression of each, The combined data 

indicate, however, 4 poatieu> 
that Ds lies to the right of I,iand very close to it, 



Table 21-a 

C sh bz wx, ds ac 0 x Dup. I Id% Bz Wx Hx Bz Sh Ds2 AC ac, Xc ac d 
Norm. C sh bz wx 

Kernel type 
!4805B-19 4805B-25'4807-1 4807-8 14803-23 4803-27 4804-10 f 

'ITotals 
j 48;6*-1 4876x-l 487&-3 48;68-3 \487&-4 487&-4 j487k5 "- 

I 

I Sh Hx 23 37 7 7 33 22 ; 22 151 
I Bz -C Bz- C bz, Sh, i?x-wx 111 102 23 28 50 34 82 430 

I Sh wx 10 15 7 6 15 17 28 98 

IBZ -C Bz- C bz, Sh wx 21 21 16 21 30 26 60 195 
I bz - C bz, Sh wx 4 8 4 1 2 2 1 22 
I sh wx not obv. var. 4 4 4 4? 6 3 4 29 

I bz - c bz, sh wx 5 5 4 0 9 7 3 33 
C Sh Bz Ws not obv, var. 15 13 4 7 ,20 9 13 81 
C Bz - C bz, Sh, Wx-wx 
C sh bz wx 

26 

201 

37 4 14 17 

149 60 76 ': 158 
15 19 132 

129 254 1027 

Odds 1 C Sh Bz wx 0 0 1 C Sh Bz 1 C Sh 1 C Sh Bz 2 C sh 6 
wx Bz wx WX bz Wx 

(var.?) 
1 

Totals- 421 391 133 165 ! 341 265 488 2204 



Supplement, to table 21-a 
I a3 ct ; 

I Ds Sh Bz HX Wx Bz Sh Ds2 ..~. ____ ., . . . ._,,^_,. "_ _ ..a-% -_-. I-....m.I- .-.._- ..-., -- --.+-----..""---- It" 1..-. L .I.. - ._ _., ,.~ .__ ,a- - 

C ds Sh bz wx _., ,- .., ,- _____,____c - ._._ _ I ,I_. -.._ . . . .~ . ., . - .- .^ ._ ,. ., .._..-. ..- -. ..Q...- _. 

Non-crossovers: 

Dup. I Ds Sh Dz Wx iVx Bz Sh Ds/ 
3Ac-I-CBz - C bz Sh 'Wx-wx = 430 

(with reg.,,4 + doubles) 
\l ac - I Sh Wx * Tt = 151 

Norm. C ds sh bz wx AC & ac 

Region 1 

= C sh bz wx = 1027 

Norm. I ds sh bz wx AC 8c ac - I shwx 

Dup. C Ds Sh Bz #x Vfx 

Region 2 

Norm. I Ds sh bz wx 

Dup. C ds Sh Bz Wx Wx 

Region 3 

Norm. I Ds Sh bz wx 

Dup. C ds sh Bz Wx Wx 

Region 4 

Norm. I Ds Sh Bz wx 

Dup. C ds sh bz tix Wx 

_,3 AC =CBz- c bz Sh Hx-wx (bz areas 
Bz Sh Ds Nx-wx or wx) 

11 ac = C Sh Bz Wx 

3 AC *Ibz- C bz sh wx 5 33 
-- . . . . lac = I shwx 

Bz Sh Dsi 
3 AC -CBz- C bz Wx Wx-wx (bz areas 

wxj 
lac - C Sh Bz Wx 

3 AC - I bz - C bz Sh wx = 22 

1 ac -1Shwx 

,3 AC = C Bz - C bz Sh fix-wx (bz areas 
Bz Sh Ds wx) 

‘-xl ac - C Sh Bz 'tix 

~ 3 AC - I Bz - C Bz - C bz Sh wx = 195 - .. 
1 ac = I Sh wx 

.* 3 AC -CBz- C bz Sh Wx-wx (bz areas 
Sh Bz Ds wx) 

,lac = C Sh Bz ;;1Jx 



Supplement to table 21-a (continued) 

Region 5 

3 AC r I Bz - C Bz Sh 'IVx-wx 
Norm I Ds Sh Bz 'f/x -_-- .-- -..- 

-- lac - I ShHx 

.,/ 3 AC - C Bz - C bz Wh "UVx-wx (bz areas 
Dup. C ds sh bz wx Xx Bz Sh Ds wx) ‘-lac = C Sh Bz Xx 

Double crossovers 

Regions 2 + 3 
Norm. C ds Sh Bz wx AC + ac = C Sh Bz wx s 4 

:. 3 AC - I Bz - C bz Sh Wx-wx 
Dup. I Ds sh bz eVx Wx Bz Sh Ds 

‘-1 ac - I ShY!x 

Regions 4 + 5 

Norm. C ds sh bz Xx AC + ac = C sh bz %x m  2 
3 AC - I Bz - C bz Sh Wx-wx 

Dup. I Ds Sh Bz wxiVx Sh Bz Ds 
1 ac - I Sh Wx 



Supplement to table 21-a (continued) 

Normal chromatids 

Non-cross-over = 1027 C sh bz wx 
Regions 1 + 2 = 62 I sh wx = I to Sh 

Regions 3 + 4 = 315 I Sh wx - Sh to Wx 

Regions 2 +r 3 - 4 C Sh Bz wx 

Regions 4 + 5 I 2 C sh bz dx 

Totals 1410 

$ cross-overs region I to Sh = 4.6% (see Table 20 in Report 
April, 1949 = 4.7%) 

$n n n Sh to Wx -22.48% 

Conclusion: 

Presence of Duplication does not interfere with the normal 

amount of crossing over in the region between I and Wx of the 

distal segment. 

Ratio of 2, 3 and 4 from variegated kernels with I 

Region 2 = 33 I bz - C bz sh wx 

Region 3 = 22 I bz - C bz Sh wx 
Region 4 = 195 I Bz - C Bz - C bz Sh wx 

Ratios - 1.5 : 1 : 9 


